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Background: Bertolotti's syndrome is widely known to cause low back pain in young patients and must be consid-
ered as a differential diagnosis. Its treatment such as conservative therapy or surgery remains controversial. Surgical
procedure is recommended for intractable low back pain. The three-dimensional (3D) lumbosacral transitional verte-
brae anatomy should be completely understood for a successful surgery. Using an intraoperative 3D navigation and
preoperative preliminary surgical planning with a patient-specific 3D plaster model contribute for safe surgery and

Case presentation: A case of a 22-year-old Japanese male patient with intractable left low back pain due to lum-
bosacral transitional vertebrae with Bertolotti's syndrome. The symptom resisted the conservative treatment, and
anesthetic injection at pseudoarticulation only provided a short-term pain relief. Posterior resection using intraopera-
tive three-dimensional (3D) navigation has been performed through microendoscopic view. Pseudoarticulation was

Conclusions: Preoperative surgical planning and rehearsal using a patient-specific 3D plaster model was greatly use-
ful and effective for surgeons in performing accurate and safe pseudoarticulation resection.
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Introduction

Bertolotti’s syndrome is characterized by congenital lum-
bosacral transitional vertebrae (LSTV) most commonly
occurring at L5 level and by enlarged transverse process
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of L5 articulates or unilateral or bilateral unions with the
sacral area [1]. This syndrome has been reported to result
in low back pain in young patients [2].

It is typically treated with conservative therapy, such as
medication, trigger point anesthetic injection, and reha-
bilitation. In cases of intractable low back pain, surgical
intervention is considered [3-7]. Several procedures for
LSTV resection have already been reported; however,
performing accurate resection remains difficult due to
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the congenital bone defect. The three-dimensional (3D)
LSTV anatomy should be completely understood for a
successful surgery. Here, we present the postoperative
outcome of minimally invasive LSTV resection using an
intraoperative 3D navigation and the effectiveness of pre-
operative preliminary surgical planning using a patient-
specific 3D plaster model of LSTV. The institutional
review board approved this clinical case report (Okay-
ama Medical Center, Number: 2018-181).

Case presentation

A 22-year-old Japanese man who worked as carpenter
complained of chronic left low back pain for at least 6
months. He had no remarkable medical history and trau-
matic event for a long time. His physical examination
showed no neurological deficits, such as muscle weakness
and sensory changes. In the assessment of physical sta-
tus, Oswestry Disability Index (ODI) [8] was 46%. Radio-
graphs and computed tomography (CT) images showed
the LSTV at the L5 level, identified as Castellvi classifi-
cation type 2A [9] (Fig 1). MRI revealed no degenerative
disc changes at L5-S1 level and no compression at the
left L5 exiting nerve root. Conservative treatment with
non-steroidal anti-inflammatory drugs and rehabilitation
was immediately initiated in accordance with the thera-
peutic strategy reported by Li et al for first three months
[10]. Anesthetic injection at the LSTV pseudoarticulation
was performed twice during next two months (Fig. 2)
and provided temporary pain relief every time. However,
long-term improvement was not achieved. Conservative
treatment was performed for total five months (Fig. 3).
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Fig. 2 Anesthetic injection during pseudoarticulation

After the recurrence of left low back pain, a minimally
invasive tubular surgery was recommended.

Surgical procedure

Preoperatively, a 3D plaster model (Biotec Bones, Zim-
mer Biomet KK, Tokyo) of LSTV was produced using a
3D printer to sterically grasp and decide the area to be
resected and was also used for training and rehearsal of
the surgical procedure (Fig. 4).

The patient was placed in prone position on the oper-
ating table under general anesthesia. The navigation ref-
erential array was inserted into the right posterior iliac
crest, and intraoperative images were obtained using
a C-arm (Siemens, Germany) and navigation system
(Brainlab, Germany). A 4.0-cm transverse incision was
made over the LSTV at the left side, and the left poste-
rior iliac crest was resected to facilitate a direct approach
to the psuedoarticulation. A 1.8-mm microendoscopic
tubular portal was placed strictly at the operating table,
and the LSTV was resected using high-speed drill, bone

Fig. 1 a Preoperative anteroposterior plain radiography. b Preoperative coronal computed tomography (CT) image. ¢ Preoperative
three-dimensional (3D) CT image. Arrow indicates pseudoarticulation at the left side.
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Fig. 3 The diagram shows the timeline of conservative treatment

Fig. 4 aThree-dimensional plaster model of the left lumbosacral transitional vertebrae. b Painted area shows the range to be resected. ¢, d
Rehearsal of resection using a high-speed drill
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chisel, and Kerrison punch. The tubular portal was
moved side to side during each resection. We sometimes
checked the progress status of excavation using a naviga-
tion probe (Fig. 5). After the complete resection, the left
iliac crest bone was returned to its original position and
fixated using a fiber wire. No intraoperative and post-
operative complications occurred. Postoperative radio-
graphs and CT images showed adequate LSTV resection
(Fig. 6). The patient was free from the left low back pain,
and the asymptomatic status was maintained at 2 months
follow up. Postoperative ODI was 6%.

Discussion
Bertolotti’s syndrome was reported by Bertolotti nearly
one century ago [5]. This syndrome is characterized by
chronic low back pain with or without radiculopathy.
Quinlan et al. reported that the overall incidence of Ber-
tolotti’s syndrome was 4.6% and that in young patients
aged <30 years was 11.4% [2]. However, it is commonly
misdiagnosed as low back pain in young patients [11].
Castellvi et al. classified LSTV of Bertolotti’s syndrome
into four types [9], and Jancuska et al. reported types 2
and 4 as highly positively related with low back pain [12].
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Although no consensus has been reached on its treat-
ment, conservative therapy has been recommended as
the first choice. Diagnostic algorithm and treatment
strategy were described by Li et al. [10]. Even recently,
several researchers have reported surgical options; how-
ever, the appropriate surgical method remains contro-
versial. Although many literatures reported the use and
outcome of surgical posterior resection [1, 4, 5, 10], this
is the first report that used a 3D plaster model of LSTV
for surgical planning and strategy identification preop-
eratively. The effectiveness of patient-specific 3D plaster
model is to understand the details of LSTV sterically and
rehearse the methods.

Intraoperative 3D navigation images helped surgeons
determine the progress and depth of excavation. Addi-
tionally, navigation images will promote performance of
safe surgery because the major vessels and exiting nerve
roots are placed around the LSVT. Babu et al. reported
that intraoperative 3D images and navigation guidance
facilitated resection of enlarged transverse processes
[13]. Therefore, the use of intraoperative 3D navigation is
recommended for a safe and complete LSTV resection.

In this case, a minimally invasive posterior surgery
was chosen for LSTV resection because no degenerative

Fig. 5 a Placement of microendoscope at the left side and navigation of the referential array in the right iliac crest placement. Resection using
a high-speed drill. b Intraoperative microendoscopic image. Resection of pseudoarticulation using a high-speed drill. ¢ Checking the depth and
progress status of excavation (real-time images are shown in d). d Intraoperative three-dimensional navigation images
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Fig. 6. a Postoperative anteroposterior plain radiography. b Postoperative coronal computed tomography (CT) image. ¢ Postoperative
three-dimensional (3D) CT image. Arrow indicates the removal of pseudoarticulation

disc changes were observed at the L5-S1 level. In young
patients, minimally invasive surgery can effectively
reduce postoperative changes. If the degenerative disc
change is detected, fusion surgery is required.

Conclusions

Berotolotti’s syndrome is effectively diagnosed not only
by radiographs and CT images but also by anesthetic
injections at pseudoarticulation. Patients with intractable
low back pain associated with Bertolotti’s syndrome that
resisted conservative therapy can be effectively treated
with minimally invasive posterior resection of LSTV.
Therefore, preoperative surgical planning with a patient-
specific 3D plaster model and intraoperative navigation
images are suggested to be useful for surgeons, which
result in a safe surgery and complete LSTV resection.
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